
Abstract ‘J’l]is ]Ia]wr  clcscril)cs  a c]assi(icaf  i[)]l al{,(,,  ii 11111

using dual- })olarid scattcm]l~dcr II ICaSa I(IIICIIIL II Irl(tl.
tify lIIc  dgc of tlIc  scd icc cover. ‘1’lle dis(ill~(  ]I(,l:il 17 ~ii,lf
scatkrill~; siglla(llrcs o f  sca icc altd O]JC]l v,;itfI  iit( dI\
cussd alId i l l u s t r a t e  wit]]  the CI(lfll-])oliiriy(,tl t;l~i;tr II I{; I-
suITIneI)ts fIOI)I tltc Scasat-A scat, tcrol]~ct  c1 (s;,f S S)  “I tlc
analysis o f  ,SA,SS  data s(lggcsts that tlic ]i\t io ()( Ii I (i ill
alIcl ltotizolltal J)olarizal,ioll I)acksc.a(,kr, dIII(I(( (1 tI., t lIr
co])ol ratio, is a uscf[ll  discritnill ator of sc; I ic< aII< I )]1 II
oc.can.  A sil]~])lc classification algoritll]t)  II SiIIIO, I II( II I,, Ii.
01(1s of tlIc col)ol  rat, ]o aIId I)ackscaikv 1(. vcl.: is ]11 (1]) I> ~!,
‘J’l)e fcasil)i]ity  of this algoritltln is dcItIoIIsl  I; Ilctl ltvill!, {II(
S A S S  daia fro]]l  IIIC sil,glc-sidd, cltlal-])c,l:iti,:,ii[,l, ], t);.
‘J’llc rcsulis illdicatc Illat tllc dual- ]mlarizcd 1111:1:.111. II IIIIIS

frolll tflc N A S A  scatkrolnct,cr (NSCA’1’) c:,~I }< tI<! I I )
})roducc  roll[itlc ]Ila]w  of sea icc cxtc]lts.
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lN’J’I{OI)lI(;’J’ION”

III this ]):I]~cI, }V(’ (Icsclil)c tl]c  llOklltiill  of ll~ilt;~, ( II il
])olarizcd scattcr(,l)lct,cr I’Cturlls fl’0111  tllC 1)(1};11 (1( ,  i l l  S If)

idclltif ’y tlIc e d g e  o f  tilt icc covm.  ‘J’llis i(! (r(l},,{ (( )(JI 1
I)c u s e d  to colll])~ltc  tf~c ice e x t e n t  w,lticl, is ,.1, fill,  I I.

tlic area cllcloscd I)y tl]c c,lltcr l)oulldary  of t I((, ]( , ]L{ 1,,
‘1’llc trc]]ds ill tllc IIlaxillla  a]Id II]i]lilj]a  (If ill, :IIIIIII; II j ,
cxk]lts of t,l]c Arctic and Ant, arctic sea IC( (.~I,iI I:. ;1,,’(.
I)ecll s{lgg,(wkd a s  I]scflll  il)dicat,ors of clill,:,t I, ~ 4;, ,~,,
liccclIt  illvcstig~ltiol)s llavc l)ccft I)ascd  0 1 1  t  II, ic t VIII(

dcrid frolll (Iata collcctcd  l)y tile Scallllillr, ill (III ic ;I II
IIC) ?Microwavc  li~ldioltlckr  (Shffvl]i) illstralrlrlil ;III{ il.
Successor, S]wcial $kvlsm Microwave ]Inap;(r iSShl  /1) \’\,
s u g g e s t ,  IIcrc  that a daal-]~olari7,cd  sca(tcro(ll(t(t c [iltl
hc u s e d  to (Iiscrilllillatc sca ice fro]]] c)l)(Ii \I;;L~[l  ,11111
t)l)at a rout illc  icc dgc J)roductj  derived fr(,lll  ;Irl iJt 1111
crowavc d a t a  could ])rovidc a]] iltt,crcst,  inp,  COIIIl)lIIIIfIIl  I ~)

tllc SSh4/1  cstilll;ltcs.

SII;A lCl:/\4’A’l’lI;l{  (: I, ASSJII’ICA’I’ION  A1/(~ol{  I I II .41

A .  Scattcrillg Si~;llatur(s  of S c a  ICC al)d oj, [II \l ;(I( I

,Sca ice collsisk c)f fr(w]lwatcr  ice,  I)ril)c,  alI(l  ilil  1)111)11
‘J’hc sali)lity, size, Sllal)cl atld IIllll]l)cr  dcllsitir-. (,I l)liit~
illclusiolw and a i r  I>uI)IJIcs ill tf~c icc l a y e r  al( SI [ol,~;l~

‘J’l]is  Wo]k  \vas  l,c,for,,lc(l  u,,dcr  a co,  Il,arl  uiil, (11( F.ili  ,11,. I

Acrul,autics  aIId SImcc Acl!\\i,,istri~tic),,  at t.JIc J e t  l’j,,l,t,l,.i  III 1, ,1,,

ratory,  (;alif<)l l]ia  J]lsti(tltr~ of ‘I’c{.l  II Ic)lcIgy.

l’i~ul(  1. lxaIIIIks 0[ dtlal-polari7cd  backscattcr  d a t a  frolu
SCasal S( ,dttcIOIIIctCI  I (I SIIS inci(]cllcc a]lglc. ( a )  two sclcctcd
S(, a iw ii)(tis  ill tl[c Atctic occaII a n d  (1)) avcragd a]willd
()}1s[1 \ati[)lls  (If 0(1.’all }Iil(!iscilttc’]  [5]

iIIfll((IIc({l  l)j tl)( ~r]ll])craturc during icc growtlll  al)d  dc-
+llillati(,ti. ‘1’llc’  S(lf’fa((’ is COJll  I)OSCd  o f  lIldtflOIKIS,  llUlIl-

III(J(lis.  i(( ri(lglv+  a]l(l sIIow c o v e r  with roug]lllcss at a
Ialtp,(  of s c a l e s  [ 4 ] .  S< ’ilttClillg  fro]ll  a Colll])lcx IIlcdiultl
Iili(l  s(:l i(c  il)volv~x I)(,t}l volllltlc and s u r f a c e  scattcril]g
lllccll:llli~tl)s,  Air  IIu IJI)Ics, I)ritlc  l~ockcts,  slid SJ)OW  grains
:~[c s<lllr( w c)f VI. )IIIIIIC scattcrillg. lkcausc tf)csc  voluTtlc
:.catt(,rtl~ aT( ratldolllly oriclltcd  or altllost s])llcrical, t h e
Icvc]s of Vtrlical  aII(l II(,]izo]lial ])olarizatioll rcturlls, a,, u
:,tld 0/, /,, :irc tlIus silililal . 111  ot Im wol ds, tf)c  col)ol  ratio

c,,,  /0/,,,  is ]Icar Ilflity  {o] voll]ltlc  scattcriilg.  S u r f a c e  scat-
I(ril,p,  is colltlil)(llecl I)y tllc rollgl)  surfaces of ice r idges ,
~j(w i({. all[l S11OM  cov(,] at all lc]lgtll s c a l e s .  lr] .gmleral,  Ll)c
},(llfacc li)llgllllcss o f  S(’ii  i(c, cxcc}~t tfiil~ ice, is cmnl)ara-
Llc 1! it]] c,r I[lIIc1l lar:,t-l  Illatl tltc wavclctlp;t]l  (W 2 cln)
(If SASLS.  ‘1’flis II I(iIIIS tll:(t  t,flc gcolllct,  ric o])t,ics scattcril)g
{Iol]l sllrl~,cc  faccls faci)lp; tllc scattcrolnctcr IIiay  l)ccolne
filp;tli(ic:~lll  Ct’cll ilt Iill  /,(’  i]lcidrflcc  a)iglcs.  <~ 0]1  SC(l  UC]]t,l~,

( II(  lc\(ls of JiII-l)a  II(l o ~ ! ?111(1 CrIL/L will Iw siillilar for ~nostu
L.,fi ir[ S(II fac(.s. [1’10111  [II(  (](,scrj}.)cc] c]]aract,  cristjcs of l,c)]-
I)IIIC illl(l  surface scatt(lill~,, wc alltici])atc t h a t  tflc co])ol
l((tio  is CI{HC t<) ulli(y for sca icc at l{u-lmlld,  rcgardlcws  o f



WI  IICII  scat t(’rlllg  IIlccllalllsln do]lllllatcs. l“ig,llr(  1(:() ill[l.
frat~s tl)c S A S S  (Iata fOr two ZirCaS)  OIIC  iII  (IIP 1{(:1111(,1  i w i

aIId tllc otllcr ill tllc (;llakclli sca mltcrd :~t (i 2 2’()’ j

aIId (72°, 1900), rcs])wlivcly. ‘lllIC size ofcaclk  a~I:I 1~ ,(’ I,
Intituclc I)y 1 °  ill lollgitrldr, A s  SIIOWI), tlIc c(,lIc)I I:,( {, i.
lf.’ss tllall 2 d]) frol Il 00 10600 illcidc]lcc allgl~s, ((,hsi:  leIIi

Wltll tllc IIllysical  scattcrlll~ IIlccllalllsln (lcs~ I illt(l  ill I I\ c

‘1’llc higllcr  backscattcr ill tllc IIcaufori  SCil i s  1)1(~1, II I)’
duc to scattcrillp, frol)i  tllc lIIorc  dcfon]lcd wi i(m! ~ OVI I III
this rcgio)l,

‘1’llc scattcritlg IIlccllallisltls  dol)cn  occall  ar~  (! IIII( (1 I
fcvv.vlt fro]]) tllosc o f  sca i c e .  %a sarfacrs ])ily,l,t,{l l,i
wi]ld forci]lg arc coll]])risd Of  gravi ty  W’:ll”(s, C;ljllllill!

w a v e s ,  l)rcakil]g  \vavcs,  alId  foal]].  ‘J’11( III]Iflll(rI~ ~ I II’
~t)t] alIcl ~hh ~11 tllc ill~i(l(’llcc  aIIgl C and WIIIIl SIIIV (l IL
j]]l]dr?ltd  ill ]“i~;arc ](])) llSiJl~  the  ,SA,S,S 2 III(JCIII  j 11111
tioll for u})willd  (Jtmmwtiolls  [5] . ‘1’IIC Cllal:irl(lisli .  11-
lus(ratd Ilcrc  arc silllilar f o r  olmcrvatliolls  II I;I(I(  iIl  (1(111 I

w;Itd  dircdiolls. ‘I’l Ic sca sarfacc backscaltcr i.; (1(~1)111 )1 (!
I)y tllc IIragg scatt.crillg frolll  cal~illary  wavm iii l;I1/1,( I tII i

,)(Icncc  allglcs. 1 IIc IIragp,  scat)kmng IIlccllal[i..tll  ploli,~t. ;I
unity Co])o] ratio at slIIall illcidcllcc aIIp;lcs, 11(111(  1,(, I (11,
co]ml  ratio for IIragg’  scat ter ing i]lcrcascs WI( II iI II ~~:,i  (y,
illcidcllcc  allglcs a]id  li]ay rcacll aslligh as 1 0  (Ii! ill (i(l:’ III

cidc)lcc  at l o w  wi]lds.  l“igure 1(1)) a l s o  itldi(  :11(:.  [ II; II [ II(
col~o] ratio o f  s c a  sarfacc I)acliscalkr dc]~tJIdc I III \\ i III
s])ccxl. ‘1’llis IIligllt< I)c (lIIc to tllc illcrcasill~,  c(,,(I;II,, ,,f
l)rcakillg  w a v e s  alId  foatll wit]l  itlcrcasillg will(l  :1,( (1. I(
IIas  lx.’cll sa~,gcskd  that l)rcal{illf;  waves  si},llilit  :itit I ~~ t,
crcasc t)llc lcvd o f  o~L}L  at IIigll illcidcllcc aTI~,l(..  I I (  ~’cmb:l
w]lat i s  l)rcdictcd frolll tllc IIragp; scatltcrillj,,  III<( lImi> III.

An illcrcasc ill 01,1, lca(ls to a  rcduc. tioll of ( III LOI),  I I  I
tio of occall l~ackscati,cr. II) gcllcral,  tlIc { <)1,01  [ill  ,) ~ ){

occall l)acksc.  atlcr inc. rcascs With illcrcasill~,,  ill(l(l~ll(~  ill-

glcs, ul]likc tllal of sca ice.
(k)]nlmralivr analysis of  l~igarcs l ( a )  a)ld (1) il,,l ;Il+

that tllc l~ackscal(lcr  l e v e l s  frolll sca icc o\ I Ilil]l  i, il II  ‘ lIc

IaIIgC  of  I)ackscattcv fr(jlll  OIW]I w a t e r ,  wlli( II (Itl,(  i!d~ i~II
wiltd  sl)ccds. ‘1’ltis clcarl~:  Illalics it diflic  al! t<) (I!.1 ill!;lll.11

sca icc aIId O]JCII water II SIIIg oIIly l)acliscalt~ I I(VI 1~ 11(’)!:
mm,  tlIC  S A S S  (li\tti SII~,gCSt  that tlIC CO]IOl I a(i(l  iLJI t ,(( iill

I)ackscattcr i s  l a r g e r  tl}all that of sca icc II:, CI)SI all] :[t
large  illcidcllcc  allglcw. ‘1’0 v e r i f y  w’llctlllcr lllc iii, fl\ ~ II)

Scrvatlo]l  is lr(lc [11’cr a ]ar cr area, t}lc co]J(Il I ill io,.  , f I II(.~
S A S S  d a t a  fro]}) tllc ctltlrc  ]mlar rcgiolls :11( (~,i!l)ii]t  (1.

‘1’lIc ratio o f  colls(clltliv(  0,,,, and m~,~, ]neiJsur,III {ii, ,111(
by tllc salllc all(mllla  l)caln i s  c a l c u l a t e d  fot il~cid, I){ ,dII-
glcs  I)c(wcc)l  4 3 °  al)d  58° and groul)cd illtt)  (1. fI’ 1):( (l. !)(’
bills. ‘1’lIc rcslllts s n o w  lllat tlIe co]m] ratio i:. ,1(,~ t I ( )
d]]  for  tllc a r e a s  cxl)cctcd to k covered  lIJ S( I it I i )i 1 ]s
as large as 5 d]] over tile ol)c]) occall. ‘l’lli+ stII,ljtII I - ~IIIt
collclasioll  drawn frolll ]“igarc 1 .

1]. S c a  l c c / W a t e r  (Jlassificatiol)  Algoritlll)l

‘1’llc I)reccdillg discassioll  s u g g e s t s  that tl,(  c(,1,4 I I, t i, , is

a  g o o d  discrit]]illat)or of sca icc al]d  ol)cl) lfa(II At IIJ six
of S A S S - 2  gml~llysica]  II Iodcl  fallctim] [~)] fit] S( t(t,ll M III(I
sl)ccds s]lows  that, t,llc col)ol  ra(, io for  o})cll }~atll  I. p,I<bl(I
t]talt 2 dll at, alwvc 4 3 °  iltcidcl]cc a])gl(s f,,] !~ill{ls I]], 1[,
20  111/s.  II CIICC, if a wllue of 2 dll is sclcci( (1 ~(,1 ‘;, , (11(

ilIIc+lI{)l(l alp,ori(ll]!l  slI(,  \Ild wmrk ratllcr well  for  a  large
I/LtI$\ (If uitt(i slmds Iljll) tl)r ljackscattcr olm-rvat)iol)s  at
lllci~l(tlc(  aIIF;lCW p, Icalf I ttlali 43°.

l{csi(l(s  tllc (Ilrcsllol(l  for cc)])ol ratio, tlic tlIrcslIolcls  o f
l)aCks Ciit 1 cl’ IC1’(ls al (’ :{1so  rcqaid to rwdace  el’r011c071S

{ lashificalioll  at lli~ll aII(l l o w  winds. ‘1’IIc co])ol ratio data
~01 tllc s()[I1lI l)olar rcgi(~ll slIow that tllcrc will l)c sul )s ta l l -
1  ial ][lis( lilSSifi  Cht  io]ls  {0( OI)CII  w a t e r  into  icc if tllf.’ CO1)OI

latio is ltsc(l as tllr otlly  discri]nillator. ‘J’lic classif icat ion
{ii]) I)c illl])rovel.1 l)y l~lackctill~ (lIc  ral Igc o f  backsc.atkr
I(vcls.  ‘1’IIc UI)lJCI  I)tlfkscattcr tllrcsho]d (al) i s  sclcciccl
10 }), sIIIall  c])(~llp,ll w) tllatl  cxtraoldinarily Strong wind
cc)n{liliolls  r(sul[itlg ill Iligll l)ackscattm and sltlall Copo]
rati~w Jvill IIot l)c cc)]lfusc(l as sca ice, I)ui, is large cIIOIIF;II

!0 illclu(lr  a s  II~a IIy i(c tyl)cs a s  l)ossil)lc  s o  that strong
I)ac.l<wai  tcI fro~ll sot II{ wllltcr  Antarctic sca icc  wil l  IIot
1)(? (X( III(l(YI. ‘J’IIc lc~Ncl tlllcsllold (OZ) i s  llccdcd to cx-
cIu(I(  111/ noisy  l)ackw  attcr data  frolll O1)CII  occaa a t  l o w
wil](ls. \\fc folllld  tllal tilt’ valllcs o f  O  d]] and -25  cl]] for
o] aTI(l o:,, rcsl)cc(ivcl~, w o r k  WCII  for tllc saln~ncr Arctic
and  willll’r  Alltdlctic s[a ice With our c,arrmt d a t a  s e t .
Ilct,(,, ljr I)JOIMmC  1 1)( fol]owi)lg  algoritl)nl for sca ice a n d
OI)CII w:ilcr (Iis(litllitl:itic]ll usiljg tllc data fro]!]  al)ovc  4 3 °
illci(l(tl((:

A  ],ix{:l is classifi~xl [IS sm icw if

●  fll, t /0),}, < ‘)/} all(l

G O] .> Ott, and Ohl, > CJ2.

otll(:rwisc, t,llis ])ix~:l is  classifid as

AI’I’I,I(:A’I’IONS  ‘1’() SII;ASA’J’

llcl(, tl, ( co])ol ratio alp,orillllll f o r  sca ice and oI)cll }va-
tcr clashificatio~l  is dcltlollstrntd with tllc data froltl the
%YI<:II sc:]ttcrc~lllf>tcr  [:{]. S A S S  u s e d  four claal-I)olarizd
fal)-},(alll a)ltcl,tlas to JIrwdllcc  all X-sllal)cd illalt!iilation
]):I(l{IJII (,11 t,ll(, cartl] surface. ‘J’lIcrc were cigl]t scicncc op
(lal iol)ill  ]IIo[lc<  f o r  1)(’:tlll/l,olarizatic,ll scal]llillg. Modes

3  ait(l 4 ar( si]lp,lc-si(l((l,  (lllal-})c~larixatiol]  lJIodcs  illulni-
Ilatillp,  I I)c lcf[, :111(I ri~,ljt si(lcs  o f  tllc s a t e l l i t e  vcloc.ity
vcctt)], lcsl)cctivcly. ltI early July 1978,  SASS ol)cratcd
C(lll( JIIIKIIIS].  V lft ]ll{ld[,  4 fr<)lll lCVS 142 tO 223 Wlt,]l t,]l C
zlllt(llllil/ ])(]lariz?lti(jJl srtillllillg  Scqucllcc  (1 V,111,2V,211).
‘1’hcw S2 ]CYS (W 6 (lays) o f  dual-] )olarizcd l)acksc.atter
dal a aIf uwd to t CS( t IIC sca ice/oJ)cl[ water classification
al~,(>ritlltll (Icscril)cd  it) t}lc ]~rcvious  srctlioll.

‘1’11(  (Iata ill lIIC JaIIp,c of  illcidmlcc allglcs fro]]) 4 3 °  to
58(’ wcI{  avrrap,cd  atl(l groIII)cd  into 0.5° Iati(ludc and 0 .5°
l(,ll~,ilotlc  },i]]s.  ‘1’lIr  (01)01 ratio was calculated from cac.h
pail of collscclltiv(  Otll all(l Oh~l  ll~C:ls~l~Clllcllts fro~l~ tll~
sa]]lt alltclllla I)ca)ll aIId averaged over all tllc SASS ol)-
SCI \a(,iolls [01 ( ac]l I)itl. ‘1’lic a v e r a g e d  Ou,l, ml,)l , and C.0])01

ratl(} alt Ilscd to dclcil[litlr lvllctllcl a  I)ill i s  sca ice o r
~vat(l.  Note that  tlltr( arc l~ills with 110 S A S S  ol)scrva-
tiol)s fltlJll 4:+0 (0 :)s(’ illcidcl)c.c  al Ip;lcs.  IJor this case,  no
c]a<sifit atiol[ is ])erforlllcd.

‘1’IIc classification lrsalts alc SIIOJVJJ  ill l’igurcs 2 aacl  3.
00 (J[ cl;issificd  sca icc ])ixcls  is illdicakxl wit])  a rallgc o f
gr:i}  ]CVC]S. A s  cxj,Mtcd  it] SIIIJIIIIC’I’,  t]lc ice dfy i s  lo-
catd t~} tlIP ]I(IrtlI of tllr (;ll~llicl]i s ca  ill tllc Arctic ocean.
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Figure  2. Sca icc lmcliscattcr  0,),,  intcrpolal{,(l  al FI(I’  I(II 1 II

1101(11 polaf rcgiolls.  IIlacli  lc]nwwats  o c e a n ,  aIIl VI II(( II 1111
Sc’llts land 01 110 data.

A  ]argc ]~ortioII of  IIaflill ]]ay was still COVCI<XI II) s,: i # ,
aIId a l a r g e  l)ortic)l)  of c o a s t a l  wakr iII 111( llIILl:l:, tI }1 ))
\\’as O])cll ‘1’llcrc w a s  a l s o  Sca ir.-c Ofl (411(’ (’akl (~l!’( 111;111(1

coast. ‘J’lIcsc  fcat{lrw agrm wit]] tlIc cli]tl;l(c~l,,y,i;ll (t \-
cragc o f  sea icc ill tlIc lIortlI  I)olar regiol} [(i]. ‘ 1  11111 :11:
o n l y  a  fcw ol)vious l))isclassi ficat, io])s: A  ft]i Ilill. ill t III’
]Ior’t]l l’acific W(’1(’ classi(id as ma icc ?Ill(l i i  f{vj 1~ I 11111
(IIC icc e d g e  it] (IIC Arctic occall to tllc ]Io)f IL 01 ( “ II I  l:, IIi

sea classific(l  a s  ()])c]I  waler. l~or’ tllc Sollt!ll  ])(ll:il I(;  ,l(,ll,

l“ig;. 3 indicates tllal tllc icr edge llCarly  l’C;l~ II{’(I ~ II! II: ‘~
ilnulll Cxicllt  and Cxtc]]dcd  into tllc IIli(l-lal  i(ll[l! < ( III(

soutl] At,lall(ic, c(lllsistc’llt  wit])  t,l)c clilnatol~)p.i(  ;II iii ((~{,(
[6] .  ‘1’l,c clcmr]y idc,ltifial,lc ]i)isclassifica{ic~,l i,,< :1,, Iy
litl]itcd wi(ll  v e r y  fcw I,lack  IJixcls  WCII wi(llill tll I< ~ II L,:.

Al(fIo IIglI 110 grOIIIId troill i]l~or]t]atio])  is a\ailal,l(  ( , (1,
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